Regulation of tyrosine hydroxylase activity in rat PC12 cells by neuropeptides of the secretin family.
Tyrosine hydroxylase, the rate-limiting enzyme in catecholamine biosynthesis, is subject to regulation by the cAMP as well as the calcium and cGMP second messenger systems. Treatment of intact rat PC12 cells with neuropeptides including secretin and vasoactive intestinal polypeptide (VIP) stimulated tyrosine hydroxylase activity 2 to 3-fold in vitro. Secretin (EC50 = 10 nM) was about 3 orders of magnitude more potent than VIP (EC50 = 3 microM). A combination of several protease inhibitors failed to enhance the potency of either peptide. Other members of the secretin family including glucagon and peptide histidine isoleucine (PHI) stimulated tyrosine hydroxylase activity to a lesser extent. Somatostatin, which is not homologous to secretin, was ineffective. The maximal response of tyrosine hydroxylase activation to 1 microM secretin occurred within 6-15 sec. Secretin, VIP, and forskolin also enhanced tyrosine hydroxylase activity (3,4-dihydroxyphenylalanine production) in intact cells, as determined by high performance liquid chromatography and electrochemical detection. Secretin, VIP, PHI, and glucagon increased the levels of cAMP in PC12 cells more than 10-fold, as determined by radioimmunoassay. We also demonstrated that cAMP is released from the cells into the incubation medium following secretin treatment. Secretin and VIP treatment also enhanced the activity of cAMP-dependent protein kinase in a concentration-dependent fashion, as measured subsequently in vitro. Based on the greater potency of secretin in comparison with VIP, PHI, and glucagon, we suggest that the PC12 cells contain a secretin-preferring receptor that increases cAMP levels and brings about an activation of tyrosine hydroxylase activity through the stimulation of cAMP-dependent protein kinase.